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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hollow fiber membrane in lightweight having excellent 
handleability and reduced in the amount of eluted matter in the hollow fiber membrane module, 
to provide the hollow fiber membrane module, and a method for manufacturing them. 
SOLUTION: In the hollow fiber membrane module, water is held in each of the hollow fiber 
membranes in an amount of 4-300% with respect to each own weight of the hollow fiber 
membranes and the concentration of oxygen in the hollow fiber membrane module is set to 
0.1-3.6% and the hollow fiber membranes are irradiated with radiation. The hollow fiber 
membrane module and the method for manufacturing the same are also disclosed. 
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* NOTICES * 
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CLAIMS 

[Claim(s)] 

[Claim 1] The hollow fiber module characterized by for the oxygen densities in said hollow fiber 
module being 0.1% or more and 1.0% or less, and the consumption of the 2.0x10-3 mol/l. 
potassium permanganate water solution used to the effluent in 10ml of initial penetrant 
removers for titration of an effluent being 5ml or less per two 1m of hollow fiber internal 
surfaces in the hollow fiber module with which it filled up with inert gas. 
[Claim 2] The hollow fiber module according to claim 1 which comes to contain a hydrophobic 
macromolecule and a hydrophilic macromolecule as a constituent of a hollow fiber. 
[Claim 3] The manufacture approach of the hollow fiber module characterized by carrying out 
radiation irradiation after it made the oxygen density in a hollow fiber module into 0.1% or more 
and 3.6% or less and water content has considered as 4% or more to the self-weight of a hollow 
fiber in the manufacture approach of a hollow fiber module of coming to hold a hollow fiber. 
[Claim 4] The manufacture approach of the hollow fiber module according to claim 3 which 
comes to contain a hydrophobic macromolecule and a hydrophilic macromolecule as a 
constituent of a hollow fiber. 

[Claim 5] The hollow fiber characterized by being the hollow fiber held in the hollow fiber 
module, and the consumption of the 2.0x1 0-3 mol/l potassium permanganate water solution 
used to the effluent in 10ml of initial penetrant removers for titration of an effluent being 5ml or 
less per two 1 m of hollow fiber internal surfaces. 

[Claim 6] The hollow fiber according to claim 5 which comes to contain a hydrophobic 

macromolecule and a hydrophilic macromolecule as a constituent of a hollow fiber. 

[Claim 7] The manufacture approach of the hollow fiber characterized by carrying out radiation 

irradiation where it made the oxygen density of the circumference ambient atmosphere of a 

hollow fiber into 0.1% or more and 3.6% or less and water content is made into 4% or more to the 

self-weight of a hollow fiber in the manufacture approach of a hollow fiber. 

[Claim 8] The manufacture approach of the hollow fiber according to claim 7 which comes to 

contain a hydrophobic macromolecule and a hydrophilic macromolecule as a constituent of a 

hollow fiber. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the module using a hollow fiber module with few 
effluents and its manufacture approach, and this hollow fiber and its manufacture approach from 
the film. 
[0002] 

[Description of the Prior Art] Materials various until now have been used as semipermeable 
membrane used by the blood processing by an artificial kidney etc. Although a natural material 
cellulose and the cellulose diacetate which is the derivative, and cellulose triacetate were used 
at the time of the first stage, synthetic macromolecule appears with change of a time, 
polysulfone, polymethylmethacrylate (PMMA), a polyacrylonitrile, etc. are used broadly, a 
cellulose is processed by a polyethylene glycol (PEG) etc, by recent years, and the reforming 
film which improved haemocompatibility has also come to be used. About a chronic-renal-failure 
patient's blood approach, the attempt which removes other low-molecular proteins positively is 
made, suppressing the leakage of albumin to the minimum. It was developed not only for 
membranous amelioration but for improvement in dialysis effectiveness and positive removal of 
low-molecular protein of a hemodialysis filtration process (HDF) and the push & pull method. 
Polysulfone with permeable high ability has come to be broadly used as a thing corresponding to 
an advance of such dialysis technique in current and a film material. Although polysulfone is 
broadly used as thermoplastic heat-resistant engineering plastics in the field of an automobile, 
the electrical and electric equipment, and a medical supply, there is a trouble which should be 
solved in the permeable membrane made only from polysulfone. That is, intermolecular cohesive 
force may be strong, control of pore size may be difficult, compatibility with blood may be weak 
because of hydrophobicity, constituents of blood, such as a platelet, may adhere, it may become 
the cause of residual blood, and the fall of membraneous ability tends to take place. 
Furthermore, since an air lock phenomenon is caused, it cannot be told to blood processing that 
it is easy to use. 

[0003] therefore, a hole — hydrophilization of the polymer front face was carried out to 
coincidence of the approach of forming a hole by mixing and being desorbed from mineral salt 
etc. as formation material, and carrying out hydrophilization processing later, and the hydrophilic 
component which it mixes as an ostomy agent, and the hydrophilic macromolecule was 
desorbed, and remained after forming pore beforehand, and the approach using this as 
semipermeable membrane and a reverse osmotic membrane was devised. Instantiation has 
already indicated the approach of putting in (1) metal salt and producing a film, the approach of 
putting in (2) hydrophilic-property macromolecule and producing a film, the approach of putting 
in (3) polyhydric alcohol and producing a film, etc. However, when producing a film by putting in 
polyhydric alcohol, such as a polyethylene glycol, like JP,61-232860,A and JP,58-1 14702,A, and 
washing is inadequate, abnormalities may arise in a patient's eyes by elution, such as a 
polyethylene glycol which remains on the film, at the time of dialysis. In the case of metal salts, 
pore size is too large, and it is unsuitable to permeable membrane. [ of size ] 
[0004] Although the hollow fiber module with which the elution of the hydrophilic giant molecule 
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by making the inside of a hollow fiber module into an inert gas ambient atmosphere does not 
use few sealing liquids by the publication of the hollow fiber module which does not use a 
sealing liquid for JP,2001-170167,A is indicated, if the inside of a hollow fiber module is 
completely made into an inert gas ambient atmosphere, it will fall about biocompatibility. 
[0005] 

[Patent reference 1] JP,61-232860,A [0006] 
[Patent reference 2] JP,58-114702,A [0007] 
[Patent reference 3] JP,2001-170167,A [0008] 

[Problem(s) to be Solved by the Invention] If the organic substance that on the hemodialysis 
film contained is seen from the body, it will be a foreign matter, and many side effects by long- 
term dialysis and complication are reported. [ many ] Stopping the elution of the organic 
substance contained in the hemodialysis film is the technique important from a viewpoint of 
preventing the accumulation in body at the time of long-term dialysis, and preventing a side 
effect. In the gamma-ray-sterility article of water restoration, it had high water permeability 
ability, and although the film with which the elution of a hydrophilic macromolecule is stopped by 
constructing a bridge was known, there was already a problem that it was heavy because of 
water restoration, and handling nature was missing. 

[0009] In the hollow fiber module which does not use a sealing liquid with the advantage of not 
freezing - with light this invention ~ Ethylene oxide gas given in the film which does not use 
the conventional sealing liquid (it omits Following EOG.) It is offering the hollow fiber which 
pressed down the effluent including the decomposition product over the radiation of not only a 
membranous hydrophilic giant molecule but potting material made difficult in sterilization and an 
autoclave sterilization article from the whole module, hollow fiber modules, and those 
manufacture approaches. 
[0010] 

[Means for Solving the Problem] This invention has the following configuration, in order to solve 
the above-mentioned purpose. 

(1) The hollow fiber module characterized by for the oxygen densities in said hollow fiber module 
being 0.1% or more and 1.0% or less, and the consumption of the 2.0x10-3 mol/l. potassium 
permanganate water solution used to the effluent in 10ml of initial penetrant removers for 
titration of an effluent being 5ml or less per two 1m of hollow fiber internal surfaces in the 
hollow fiber module with which it filled up with inert gas. 

(2) The manufacture approach of the hollow fiber module characterized by carrying out radiation 
irradiation after it made the oxygen density in a hollow fiber module into 0.1% or more and 3.6% 
or less and water content has considered as 100% or more to the self-weight of a hollow fiber in 
the manufacture approach of a hollow fiber module of coming to hold a hollow fiber. 

(3) The hollow fiber characterized by being the hollow fiber held In the hollow fiber module, and 
the consumption of the 2.0x10-3 mol/l potassium permanganate water solution used to the 
effluent in 10ml of initial penetrant removers for titration of an effluent being 5ml or less per 
two 1m of hollow fiber internal surfaces. 

(4) The manufacture approach of the hollow fiber characterized by carrying out radiation 
irradiation where it made the oxygen density of the circumference ambient atmosphere of a 
hollow fiber into 0.1% or more and 3.6% or less and water content is made into 4% or more to the 
self-weight of a hollow fiber in the manufacture approach of a hollow fiber. 

[0011] 

[Embodiment of the Invention] As for the hollow fiber module concerning this invention, the 
interior of a module is filled up with inert gas. Although a liquid is not prevented from another 
gas or another liquid in addition to inert gas, the oxygen densities in a module in front of 
radiation irradiation are 0.1% or more and 3.6% or less, and the oxygen density in a module after 
radiation irradiation is 0.1% or more 1.0% or less of thing. 

[0012] As a component which constitutes a hollow fiber, various kinds of macromolecules are 
used and both a hydrophobic macromolecule and a hydrophilic macromolecule can be used. 
What used both the hydrophobic macromolecule and the hydrophilic macromolecule for 
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if n coincidence as a constituent is excellent in respect of the ease of control of pore size, 

1^ biocompatibility, etc. especially. 

Jj [0013] As a hydrophobic macromolecule which constitutes a hollow fiber module, although 

almost all engineering plastics, such as polysulfone, a polyamide, polyimide, a polyphenyl ether, 
^ i and a polyphenylene sulfide, can be used, especially the polysulfone expressed with the 

following rational formula is desirable. Although polysulfone consists of a following basic frame, 
\^ -p what embellished the benzene ring part can be used. 

f ':' [0014] 




[0015] As a hydrophilic giant molecule, a polyethylene glycol, polyvinyl alcohol, a carboxymethyl 
cellulose, a polyvinyl pyrrolidone, etc. may be used, for example, and you may use independently, 
and may mix and use. The polyvinyl pyrrolidone which is comparatively easy to come to hand 
also industrially is desirable. 

[001 6] For example, a hollow fiber can be manufactured by the following approaches. A hollow 
fiber can be manufactured by making core liquid and coincidence breathe out a film production 
undiluted solution from the mouthpiece of double slit tubing structure to coincidence. Then, it is 
rolled round after passing through predetermined rinsing, a desiccation process, and a crimp 
process, and after cutting into suitable die length, it is inserted in a case, and an edge is closed 
and a modularization is carried out by potting material. 

[001 7] It does not freeze and handling is easy, and in order to obtain the hollow fiber by which 
the effluent was pressed down, in the process of radiation irradiation, moisture is required [ this 
invention is light, and ] first. In the manufacture approach of this invention, after giving moisture 
to a hollow fiber, in case surplus moisture is removed, the point that the special process called 
warm air desiccation or vacuum drying is not required to 100% or more is [ that the hollow fiber 
should just be ****(ing) 4% or more of moisture to a hollow fiber self-weight ] still more 
desirable. On the other hand, the semantics of weight mitigation to less than 300% is desirable. 
As an example of the radiation which irradiates after hollow fiber humid, various ionizing 
radiation, such as alpha rays, beta rays, a neutron beam, an X-ray, and a gamma ray, is known, 
and a gamma ray is desirable. In the radiation irradiation and sterilization after hollow fiber 
humid, since the principal chain of a macromolecule is turned off and decomposition takes place 
by the excited oxygen radical, if the radiation irradiation under atmospheric-air existence 
permutes atmospheric air with inert gas, such as 002, N2, Ar, and helium, and performs 
radiation irradiation, decomposition will be controlled and an effluent will be pressed down. 
However, it is difficult for inert gas to permute the atmospheric air in a hollow fiber module 
completely. Moreover, when are seen from the field of biocompatibility and the direction of the 
hollow fiber module in which the oxygen density carried out radiation irradiation in the high 
condition into the hollow fiber module pours blood, there are few platelet counts adhering to a 
hollow fiber internal surface, and they are desirable. In order to raise biocompatibility, pressing 
down an effluent it is desirable that the oxygen densities in the hollow fiber module in front of 
radiation irradiation are 0.1% or more and 3.6% or less. The oxygen density inside the hollow fiber 
module after radiation irradiation becomes 0.1% or more and 1.0% or less. Moreover, when using 
a gamma ray as a radiation to irradiate, a gamma ray absorbed dose is 10-30KGy preferably ten 
to 50 KGy. 

[0018] The initial penetrant remover concerning this invention means the 10ml thing sampled 
from the 25ml penetrant remover which flowed out the physiological saline in [ of the 
beginning ] 15 seconds after the full of water in a sink and a hollow fiber module by rate-of-flow 
100 ml/min in the hollow fiber module at the time of measurement of the amount of effluents 
from a hollow fiber module. In order to investigate the amount of effluents contained in this 
initial penetrant remover, after adding 20ml of 2.0x10-3 mo/I potassium permanganate water 
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solutions, and 1ml of dilute hydrochloric acid and boiling it for 3 minutes, it cools to a room 
temperature, 1ml of potassium iodide water solutions is added, and it is well left for 10 minutes 
after stirring, and titrates in a 1.0x10-2 mol/l sodium-i:hiosulfate water solution. The difference 
of the amount of sodium-thiosulfate water solutions which titration of the physiological saline 
which did not let a dialysis module pass took, and the amount of sodium-thiosulfate water 
solutions required at the time of titration of an initial penetrant remover was made into the 
amount of potassium permanganate water solutions (consumption of a potassium permanganate 
water solution) consumed with the effluent. 

[0019] The special feature of the hollow fiber which this invention offers, hollow fiber modules, 
and those manufacture approaches is checked by measurement of the amount of effluents by 
potassium permanganate, the check of the insoluble matter by dimethylacetamide, and 
measurement of platelet coating weight. It is defined by these criteria that the eluting material 
test of the circuit in dialysis mold artificial-kidney acknowledgement criteria is to titrate in a 
2.0x10-3 mol/l potassium permanganate water solution using 10ml of eluates, and the 
consumption of the potassium permanganate water solution at the time of titration is set to 1ml 
or less. Since these criteria are the eluting material test of a circuit and it is criteria severer 
than the acknowledgement criteria of a dialyzer, it is not required for a hollow fiber module to 
clear these criteria, but if this eluting material test is carried out after a physiological saline 
500ml or more washes (the same conditions as the time of the anticipated use of a hollow fiber 
module), the hollow fiber module concerning this invention can clear these criteria. In order to 
clear these criteria using this hollow fiber module In measurement of the amount of effluents in 
the initial penetrant remover by the potassium permanganate mentioned later A physiological 
saline by the rate of flow of 100 ml/min in a hollow fiber module A sink. The consumption of the 
potassium permanganate at the time of titration by the 2.0x10-3 mol/l potassium permanganate 
water solution using the effluent contained in 10ml (initial penetrant remover) sampled fr-om 
25ml of penetrant removers which flow out in [ of the beginning ] 15 seconds after the full of 
water in a hollow fiber module It is desirable to be set to 5ml or less per two 1m of hollow fiber 
internal surfaces to 10ml of penetrant removers. The hollow fiber module which this invention 
offers was able to set to 5ml or less consumption of the potassium permanganate in 
measurement of the amount of effluents by the 2.0x10-3 mol/l. potassium permanganate water 
solution which used the initial penetrant remover. Although the effluent said here can be 
presumed to be the decomposition product of a film constituent and potting material, the 
effluent of the whole module can be decreased by the approach of this invention. By the 
network of a hydrophobic macromolecule and a hydrophilic macromolecule, the hollow fiber 
created by these approaches demonstrates the engine performance as blood processing film, 
such as diffusion of the urine poison, and inhibition of the albumin which is useful protein, and 
has the description that few effluents are. 

[0020] Furthermore, the check of the insoluble matter by dimethylacetamide can perform the 
special feature of the hollow fiber which this invention offers, hollow fiber modules, and those 
manufacture approaches. The hollow fiber and hollow fiber module which are obtained by this 
invention have the description that few effluents are, and the description was checked 
according to it being insoluble to dimethylacetamide. 

[0021] Furthermore, the height of the biocompatibility which is the special feature of this 
invention is clarified by platelet adhesion experiment, and it deals in it by it. The platelet 
adhesion experiment flowed in 1*^' in the hollow fiber, further, observed after immobilization 
the platelet in which after washing has adhered in a hollow fiber at the physiological saline with 
the scanning electron microscope by glutaraldehyde, and checked it with the adhering platelet 
count. Consequently, it was shown that the hollow fiber which this invention offers has the 
outstanding biocompatibility by this experiment. 

[0022] after film production, while the hollow fiber and hollow fiber module which were obtained 
by this invention as above can be used as the hollow fiber and hollow fiber module of the 
specific range which have the outstanding effectiveness that there are few effluents, by 
adopting the production process which recognized oxygen existence of coming out and carrying 
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out radiation irradiation, they can be used as the high hollow fiber and hollow fiber module of 
biocompatibility. Moreover, since it can be used in the dry condition, it is light and there are no 
worries about freezing, and handling can offer an easy and highly efficient hollow fiber and a 
hollow fiber module, and can contribute also to reduction of dialysis cost. If it sees from the 
body to coincidence, the elution of the organic substance which is a foreign matter can be 
stopped, and the safety of a medical supply can be raised. 

[0023] The hollow fiber and hollow fiber module of this invention are applicable also to the water 
treatment fields, such as blood processing applications, such as an artificial kidney, a plasma 
demarcation membrane, and support for extracorporeal circulation adsorption, and an endotoxin 
removal filter. 
[0024] 

[Example] Next, this invention is explained based on an example. The used measuring method is 
as follows. 

[0025] (1) The oxygen density measurement hollow fiber module in a hollow fiber module itself 
was put into the bottom of nitrogen-gas-atmosphere mind, the plug of a hollow fiber module 
was stabbed with the needle of a gas-tight syringe, and the gas in a hollow fiber module was 
extracted, and it poured into the gas chromatography directly and analyzed. 
[0026] (2) Water pressure 13.3kPa was applied inside [ hollow fiber ] the glass tube mini module 
(8-1 2cm of 20 hollow fiber numbers : effective length) which closed the measurement hollow 
fiber both ends of permeable ability, and the amount of filtration per [ which flows out outside ] 
unit time amount was measured. 

[0027] Permeable ability was computed by the following formula. 

[0028] permeable ability (ml/hr/m2/kPa) =QW/T/A/P ~ here ~ the amount of QW:filtration 
(ml) T:outflow time amount (hr) P: — pressure (kPa) 

A: Film surface product (m2) (hollow fiber internal-surface area conversion) 
(3) The penetrant remover (25ml) for 15 seconds was sampled for the physiological saline 
(Otsuka Pharmaceutical) after the full of water in a sink and a module by flow rate 100 ml/min 
as an initial penetrant remover to the measurement measurement hollow fiber module of the 
amount of effluents at the blood side. Moreover, in order to check the amount of effluents after 
after [ washing initiation ] 5-minute progress, the penetrant remover for 15 seconds (25ml) 
after after [ of washing initiation ] 5 minutes was sampled. 10ml was taken out from these 
samples, 20ml of 2.0x10-3 mol/l potassium permanganate water solutions and 1ml of dilute 
hydrochloric acid were added, and it was boiled for 3 minutes. It cooled to the room 
temperature, 1ml of potassium iodide water solutions was added, and it was well left after 
churning for 10 minutes, and titrated in the 1.0x10-2 mol/l sodium-thiosulfate water solution. 
Separately, the same actuation as a measurement sample was carried out about the water 
which did not let a dialysis module pass. The difference of the amount of sodiumHihiosulfate 
water solutions which titration of the water which does not let a dialysis module pass took, and 
the amount of sodium-thiosulfate water solutions which titration of a sample took was made 
into the amount of potassium permanganate water solutions (consumption of a potassium 
permanganate water solution) consumed with the effluent. 

[0029] (4) In order to check insolubilization by bridge formation of the component which 
constitutes the hollow fiber after the check radiation irradiation of insoluble matter, ten hollow 
fibers will be dissolved for the hollow fiber after gamma irradiation in dimethylacetamide 1ml 
after desiccation at 50 degrees C for one day using an elevated-temperature drier, and the 
gestalt of the hollow fiber after progress was checked by viewing about 1 minute. 
[0030] (5) Inside [ hollow fiber ] the platelet adhesion experiment glass tube mini module (8- 
12cm of 30 hollow fiber numbers : effective length), the whole blood of a rabbit was flowed in for 
60 minutes by 0.59 ml/min. Then, sink washing of the 10-1 2ml of the physiological salines was 
carried out at the hollow fiber inside, and it was filled up with 2.5 - 4% of glutaraldehyde water 
solution in the mini module. The platelet was fixed by carrying out refrigeration preservation of 
this mini module for 1 evening - two days. This hollow fiber internal surface was observed with 
the scanning electron microscope, and counting of the number of platelet adhesion of per an 
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unit area (1x103micrometer2) was carried out. 

[0031] Tine example 1 polysulfone (Amoco Corp. Ude|-P3500) 16 section, polyvinyl pyrrolidone 
K30 (international special products company; it abbreviates to an ISP company below) The 
heating dissolution of the dimethylacetamide 77 section and the water 1 section was carried 
out, and the four sections and the polyvinyl-pyrrolidone (ISP company K90) 2 section were used 
as the film production undiluted solution. 

[0032] This undiluted solution as core liquid to the spinneret section with a temperature of 50 
degrees C from double slit tubing with delivery, an outer diameter [ of 0.35mm ], and a bore of 
0.25mm The dimethylacetamide 63 section, The temperature of 30 degrees C after making the 
solution which consists of the water 37 section breathe out and making a hollow fiber form, 
Carry out gas conditioning at 39-40 degrees C of dew-points, and pass the 350mm dry zone 
ambient atmosphere where dry Myst 10 microns or less was added. The coagulation bath with a 
temperature of 40 degrees C which consists of 20 % of the weight of dimethylacetamides and 80 
% of the weight of water was passed, 60-75-degree-C rinsing process for 90 seconds and the 
140-degree C desiccation process were passed for 2 minutes, the hollow fiber pass the 160- 
degree C crimp process was rolled round, and it considered as the bundle. Potting of this hollow 
fiber was filled up with and carried out to the case so that it might be set to 2 1 .6m, double- 
sided opening of the edge was carried out, and it considered as the dialysis module. 
[0033] After the modularization, after being filled up with RO water, for 30 seconds and 
restoration water were extruded by the compressed air of 98kPa, and it considered as 270% of 
water content. 

[0034] After it carried out sink enclosure for 15 seconds and of the nitrogen by 49kPa(s) and 
nitrogen permuted the inside of a module with each the modular dialysing fluid and blood side, 
the oxygen density in a module was made 3.6% by introducing air. Gamma irradiation (25KGy) 
was performed in this condition. The oxygen density in a module after gamma irradiation was 
0.9%. 

[0035] The permeable ability of the hollow fiber after this gamma irradiation was 2504 
ml/hr/m2/kPa. Moreover, the hollow fiber after gamma irradiation was insoluble to 
dimethylacetamide. According to the measuring method of the above-mentioned effluent, the 
consumption of the potassium permanganate water solution of the initial penetrant remover of 
this module was 3.6ml per two 1m of hollow fiber internal surfaces. Moreover, the consumption 
of the potassium permanganate water solution of the penetrant remover of 5 minutes after was 
0.90ml. The number of platelet adhesion per unit area of a hollow fiber internal surface was 14.6 
pieces. 

[0036] The example 2 polysulfone (Amoco Corp. Udel-P3500) 4 section, the 12 (Amoco Corp. 
Lldel-P1700) sections, polyvinyl pyrrolidone (international special products company; it 
abbreviates to an ISP company below) K30 The heating dissolution of the dimethylacetamide 77 
section and the water 1 section was carried out, and the two sections and the polyvinyl- 
pyrrolidone (ISP company K90) 4 section were used as the film production undiluted solution. 
[0037] This undiluted solution as core liquid to the spinneret section with a temperature of 50 
degrees C from double slit tubing with delivery, an outer diameter [ of 0.35mm ], and a bore of 
0.25mm The dimethylacetamide 65 section, The temperature of 30 degrees C after making the 
solution which consists of the water 35 section breathe out and making a hollow fiber form, 
Carry out gas conditioning at 28 degrees C of dew-points, and pass the 350mm dry zone 
ambient atmosphere where dry Myst 10 microns or less was added. The coagulation bath with a 
temperature of 40 degrees C which consists of 20 % of the weight of dimethylacetamides and 80 
% of the weight of water was passed, 85-degree-C rinsing process for 60 seconds and the 140- 
degree C desiccation process were passed for 2 minutes, the hollow fiber pass the 180-degree 
C crimp process was rolled round, and it considered as the bundle. Potting of this hollow fiber 
was filled up with and carried out to the case so that it might be set to 2 1.3m, double-sided 
opening of the edge was carried out, and it considered as the dialysis module. 
[0038] After being filled up with RO water like the example 1 after the modularization and 
pushing out water by the compressed air, the moisture of a hollow fiber was evaporated and it 
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considered as 100% of water content After permuting the inside of this module by nitrogen and 
making the oxygen density in a module 1 .2%, gamma irradiation (25KGy) was performed. The 
oxygen density in a module after gamma irradiation was 0.3%. 

[0039] The permeable ability of the hollow fiber after this gamma irradiation was 3180 
ml/hr/m2/kPa. Moreover, the hollow fiber after gamma irradiation was insoluble to 
dimethylacetamide. According to the measuring method of the above-mentioned effluent, the 
consumption of the potassium permanganate water solution of the initial penetrant remover of 
this module was 0.90ml per two 1 m of hollow fiber internal surfaces. 

[0040] The modularization was similarly carried out using the hollow fiber produced on the same 
conditions as example 3 example 1. It was filled up with RO water like the example 1 after the 
modularization, and by the compressed air, it is push about water and water content was made 
270%. The inside of this module was permuted by nitrogen, and the oxygen density in a module 
was made 0.2%. Gamma irradiation (25KGy) was carried out in this condition. 
[0041] The permeable ability of the hollow fiber after this gamma irradiation was 2812 
ml/hr/m2/kPa. Moreover, the hollow fiber after gamma irradiation was insoluble to 
dimethylacetamide. According to the measuring method of the above-mentioned effluent, the 
consumption of the potassium permanganate water solution of the initial penetrant remover of 
this module was 1.6ml per two 1m of hollow fiber internal surfaces. Moreover, the consumption 
of the potassium permanganate water solution of the penetrant remover 5 minutes [ by the 
physiological saline ] after the washing initiation in a module was 0.80ml. The number of platelet 
adhesion per unit area of a hollow fiber internal surface was 18.1 pieces. 
[0042] The modularization was similarly carried out using the hollow fiber produced on the same 
conditions as example 4 example 1. After being filled up with RO water like the example 1 after 
the modularization and extruding water by the compressed air, the moisture of a hollow fiber 
was evaporated and water content was made into 4%. Nitrogen permuted the inside of this 
module and the oxygen density in a module was made 0.2%. Gamma irradiation (25KGy) was 
carried out in this condition. 

[0043] According to the measuring method of the above-mentioned effluent, the consumption 
of the potassium permanganate water solution of the initial penetrant remover of this module 
was 0.60ml per two 1m of hollow filament internal suH^ces. Moreover, the consumption of the 
potassium permanganate water solution of the penetrant remover 5 minutes [ by the 
physiological saline ] after the washing initiation in a module was 0.07ml. The number of platelet 
adhesion per unit area of a hollow filament internal surface was 2.4 pieces. 
[0044] The modularization was similarly carried out using the hollow fiber produced on the same 
conditions as example of comparison 1 example 1. It was filled up with RO water after a 
modularization and in the module, and gamma irradiation (25KGy) was performed. The number of 
platelet adhesion per unit area of this hollow fiber internal surface was 36.6 pieces. 
[0045] The modularization was similarly carried out using the hollow fiber produced on the same 
conditions as example of comparison 2 example 1. It was filled up with RO water like the 
example 1 after the modularization, and by the compressed air, it is push about water and water 
content was made 270%. Inert gas did not permute the inside of this module (21.1% of oxygen 
densities), but gamma irradiation (25KGy) was performed. 

[0046] The permeable ability of the hollow fiber after this gamma irradiation was 3534 
ml/hr/m2/kPa. Moreover, the hollow fiber after gamma irradiation was meltable to 
dimethylacetamide. According to the measuring method of the above-mentioned effluent, the 
consumption of the potassium permanganate water solution of the initial penetrant remover of 
this module was 11.7ml per two 1m of hollow fiber internal surfaces. The number of platelet 
adhesion per unit area of a hollow fiber internal surface was 9.6 pieces. 

[0047] The modularization was similarly carried out using the hollow fiber produced on the same 
conditions as example of comparison 3 example 1. It was filled up with RO water like the 
example 1 after the modularization, and by the compressed air, it is push about water and water 
content was made 270%. After permuting the inside of this module by nitrogen like an example 1, 
the oxygen density in a module was made 4.2% by introducing air. Gamma irradiation (25KGy) 
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was carried out in this condition. 

[0048] The permeable ability of the hollow fiber after this gamma irradiation was 2248 
ml/hr/m2/kPa. Moreover, the hollow fiber after gamma irradiation was meltable to 
dimethylacetamide. According to the measuring method of the above-mentioned effluent, the 
consumption of the potassium permanganate water solution of the initial penetrant remover of 
this module was 5.3ml. Moreover, the consumption of the potassium permanganate water 
solution of the penetrant remover of 5 minutes after was 1.01ml. 

[0049] The modularization was similarly carried out using the hollow fiber produced on the same 
conditions as example of comparison 4 example 2. After not filling up this module with water (0% 
of water content) but permuting by nitrogen like an example 1 , gamma irradiation (25KGy) was 
performed. 

[0050] The permeable ability of the hollow fiber after this gamma irradiation was 4263 
ml/hr/m2/kPa. Moreover, the hollow fiber after gamma irradiation was meltable to 
dimethylacetamide. According to the measuring method of the above-mentioned effluent, the 
consumption of the potassium permanganate water solution of the initial penetrant remover of 
this module was 1 1 .5ml per two 1 m of hollow fiber internal surfaces. 
[0051] 

[Effect of the Invention] this invention — light - it is the hollow fiber module which does not 
use a sealing liquid with the advantage of not freezing, and an effluent offers few hollow fibers 
and a hollow fiber module, and offers those manufacture approaches further. 
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